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Magnetic Resonance Imaging to Guide Surgical Practice
R.E. Clough
Division of Imaging Sciences & Department of Vascular Surgery, St Thomas’ Hospital, NIHR Comprehensive Biomedical Research Centre of Guy’s and St Thomas’ NHS Foundation Trust
and King’s College London, King’s Health Partners, UKMagnetic resonance (MR) imaging can provide functional and
anatomical information in a single non-ionising examination and
represents a rapidly expanding area of innovation and technology
research.
The lymphatic system is a complex network of lymph vessels,
nodes and organs, and is essential for the maintenance of ﬂuid
homeostasis and immunocompetence. Failure of lymph clearance
from the limb can be caused by congenital absence of lymph vessels
or valve incompetence, which are relatively uncommon compared
to acquired obliteration of the lymph vessels (infection, trauma,
radiotherapy) and obstruction of the lymph nodes by primary and
secondary malignant disease, and nodal hilar ﬁbrosis.
Adequate imaging of the lymphatic system in the lower limbs
should therefore be able to delineate the anatomy of the lymph
vessels and nodes, both proximal and distal to the area of interest,
and also provide functional information on the rate of lymph
clearance.
X-ray lymphangiography was one of the ﬁrst techniques
developed to visualise the lymphatics.1 Patent blue dye is ﬁrst
injected subcutaneously into each of the web spaces in the foot
(visual lymphangiography), to stain and localise the deep
lymphatic vessels. The skin on the dorsum of the foot is then incised
and a large lymph vessel is cannulated. Oily X-ray contrast medium
is injected directly into the lymph vessel and serial images are
acquired; initial images show the lymph vessels whereas later ones
delineate the lymph nodes. Abdominal ﬁlms are required for the
iliac and aortic lymph nodes and a chest ﬁlm to assess the thoracic
duct. This technique can give high spatial resolution anatomical and
functional information, however it is hampered by: the use of
ionising radiation; a single vessel is cannulated and so only some of
the lymph vessels are shown; the 2D acquisition is a projection and
therefore some vessels may be superimposed on others; the
procedure is relatively invasive; the injected contrast media may
cause inﬂammation and ﬁbrosis of the lymph vessels; pulmonary
complications such as pulmonary embolus and adult respiratory
distress syndrome have been reported; and the contrast media may
take several years to be removed from the body.2e4DOI of original article: 10.1016/j.ejvs.2011.09.007.
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isotope lymphography (lymphoscintography). Radioactive colloid
(typically technetium-labelled) is injected into a webspace of the
foot, and is taken up by the lymphatics and transported to the
inguinal and iliac lymph nodes. A gamma camera is then used to
assess the uptake by acquiring either serial images or a single
delayed image at 6- or 24-h post-injection. This technique can
provide some functional information (lymph clearance) but it has
very poor spatial resolution and does not allow visualisation of the
lymph vessels and nodes. In addition the radioactive substrate
confers a small dose of radiation.
The limitations of these traditional imaging methods have
prompted research into 3D radiological modalities such as CT,
positron emission tomography and MR imaging.
Lu et al. present an MR imaging technique called MR
lymphography, to qualitatively and quantitatively assess lymph
vessels and nodes in the lower limb.5 Gadobenate dimeglumine
(Gd-BOPTA) is injected into each webspace of both feet and after
a 20-min delay, six 3D-scans are performed which take 3 min each
to acquire. 15 of 16 lymph vessel leaks were demonstrated using
this technique. Intra-operative visual lymphangiography using blue
dye was used to conﬁrm the MR ﬁndings, although this technique
alone may sufﬁce to demonstrate lymph vessel leakage prior to
surgical treatment.
MR lymphography has the potential to provide a thorough
three-dimensional evaluation of disorders of the lymphatic
system. The acquired spatial resolution of each image is very high
(0.5  0.5  1.3 mm3), there is no ionising radiation and Lu et al.
did not report any early adverse effects of the contrast agent. The
technique does not require cannulation of a single lymph vessel
and by introduction of contrast agent into the medial and lateral
aspects of the foot, a more comprehensive study of the limb
lymph vessels is produced. MR lymphography is also able to
characterise lymph node size, border, architecture and ﬂuid
transport. Images can be acquired over large ﬁelds of view, to
include the pelvis, abdomen and chest with the limbs, and can
therefore characterise complex lymphatic pathology to guide
surgical practice. Future work could be directed towards phar-
macokinetic modelling of contrast agent uptake, to tailor the
technique to a range of lymphatic pathology, and evaluation of
the sensitivity and speciﬁcity of these techniques in larger
cohorts.d by Elsevier Ltd. All rights reserved.
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